Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. --Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-000511 Page 1 of 12 




FIG. 1A 
(PRIOR ART) 




Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et ah 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 2 of 12 




FIG. 2 



DO 



o 
> 

LU 




FIG.3A 



-2 0 2 

TIME (jus) 



2.15 



CO 



I 

e 



2.10- 



2.05 



















^\ 






40 




42 ^\ 






450 ns 




950 ns \ 


1 1 1— 1- 


1 

-4 


-2 0 


2 


4 



FIG. 3B 



TIME (lis) 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown--; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 3 of 12 




(ay v) smu boviioa dmixd 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et a!. 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 4 of 12 




21" 



43" 



FIG.5B 



79. 



77 



76 



74 



TIME 



8t t Dcm 
St g 5 cm 



5t 



21 



|-«-8t^ cm 
- St v 



ts 83 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown--; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 5 of 12 



90 



92- 



93 

9 U 



O-H ADC^-jp 



Ml 



FAST CHANNEL 103 



■ ■ I — ^ 1 109^ i \ x 

LJ U 43 Uoi.nn Avl_U& -^21-REGISTER ! 

LOAD 



a 



- DISC 
100 S()2 



106 



107 



108 



104- 



g f 21 -DELAY 



16/ 



DIGITAL FILTERS 43-TIMER 



12 



16/ 



•117 

"115 16/ 



I !_ 



SLOW CHANNELS 



112- 



PILEUP 
TEST & 



r- TIMER ? 



122 



CLOCK 



95 



ZL 



•FLAG 



DSP (MCA) 



t-REGISTER 

LOAD 



110 118 



ft 



43-REGISTER 

LOAD 



111-4- 2-TIMER 



if 



2-REGISTER 

LOAD 



g-TIMER 



ft 



g-REGISTER 

LOAD 



121 



105' 



CO 
ZD 

1191 



16 



1 
1 

111161 



FIG.6A 



90 



9 ? !| FAST CHANNEL 



103 



92 



97lj 
— 1- 11 



0-1- 



ADC^-rf' 



IP-' 



98 ji 



1 1 ' 



DISC 

100 S02 



PILEUP 
TEST & 
TIMER 



104 



122- 



107 



CLOCK 



-115 



125 



16/ 



1°±_ 
116- 



g-DELAY 



12 



32 



16. 



108 



DIGITAL 
FILTERS 



]E -DELAY 

32 



109' 



16, 



118' 



95 



2l 



FLAG 



DSP (MCA) 



REGISTER 

LOAD 



t 



g.-REGISTER 

LOAD 



I 



Z. -REGISTER 

LOAD 



SLOW CHANNELS 



it 



£ + -REGISTER 

LOAD 



121 



105! 



CO 
ID 
CO 

<: 
1 — 
<c 

Q 



16 



FIG.6B 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 6 of 12 



---------------------- ----------^ 



41 

132|| 



130 jj 
IN i] 



I 

A 

133i 



H i 3 , W 21 -DELAY 

21 



140 



142 



DISC 



i _ | _F_A S JjC H A N N E L_ _ j _ L_1l'J~-1J 



^150 



L 155 



152 



162 



r 



153 



163' 



1W- 



r-143 

PILEUP 
TEST & 
TIMER #1 



r-145 

f 9 

GATE & 
SHAPE 



■146 157 



21-S/H 

s 



^43-TIMER 



M | J 21 -j MU 

IMER^ s_J [j~^X |_ 



OUT 



160 

ANALOG 
MULTIPLIERS 
180 



"= E-TIMER 



MER +s | ixpH-i8i 



; ANALOG 

+ ADDER 
+ 



175 



ANALOG FILTERS 



g-TIMER 



g-S/H 



176 



185 



8L 



182 



177- 



FIG. 7 



4 

191 j 

A 
190 ' 



IN oi-|-. 

i 
i 

M 

192! 



FAST CHANNEL 



DISC 



XT 



43 
21 



ADC 

C1 93^3^ 6 
ANALOG 
FILTERS 



94 r 197 



r195 



r198 



SLOW CHANNELS 



PILEUP 
TEST & 
TIMER #1 



"75 



FLAG 

DSP (MCA) 



21-DELAY 



- 43-TIMER 



Z-TIMER 



L g-TIMER 



J M2l 




12, 



REGISTER 

LOAD 



I43-REGISTER 

LOAD 



12x r 



E-REGISTER 

LOAD 



g-REGISTER 

► LOAD 



CO 
CO 

< 



12 



FIG. 8 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 7 of 12 



DEVICE 
SIGNAL 
IN 



FIG.9A 



PULSE AREA 
(ENERGY) 
OUT 




DIGITAL 
FILTERS 



DIGITAL DIGITAL DIGITAL 
DELAYS I MULTIPLIERS I ADDER 



•1 



FIG.9B 




FIG.9C 





FIG.9D 



FIG.9E 




Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 8 of 12 




FIG.10 



Time (\is) 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non- ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 9 of 12 



2.0 



1.5- 



-Q 
< 

m 

Q. 
Q. 

Q_ 



0.5 



3PulsesMd kfig 



240 | 

N. 



241 f 

V 



242 / 

v... 



ij ♦ A 

•i 4 f 

"YV9-* 



- 25 ns Risetime 

- 250 ns Risetime 

- 500 ns Risetime 



FIG. 



11.5 

11A 



12.0 



Time (jis) 



12.5 



13.0 




1.02- 

£ 1.01- 
(5 

75 100- 



I I I ■ .I- 



14.0 

FIG. 11C 



25 ns risetime 
250 ns risetime 
500 ns risetime 



-i i i i i i i_ 



SFilterOuUopsMd.kfig 




15xT 15.5 
Time (jis) 



16.0 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 10 of 12 



90 , 



97 

92 X Si 



9 ? '! FAST CHANNEL 103 



Of- ADC 



!i [rj~\ 20/ . n I 20/ ^ I 20/ 115 \ 



98 ! 

Mi M 



a t - disc 
"Soo S02 



PILEUP 
TEST & 
TIMER 









95^ 



DSP (MCA) 



225' 



205 



210 



215 



GATE 



PEAK 
CAPTURE 



V 
14 



D, 



212 

20 



/ 

JT207 



U 21 




M 21 


20/ 






^-211 


r-216 






M43 


-*s 






^217 


r-206 


Mg 















220 



121 
u 

CO 

ID 

"i CQ 

<c 
I— 
<c 



Q 



gT 



ii 

i 



FiG.12 



90 , 



. j 



Q 3j! FAST CHANNEL 103 



95 



92 



97 !j 
-i-^ ii 



o||7dc)4h' 



!Li 



205 



DISC 



PILEUP 
TEST & 
TIMER 



102 
210 



122 



t FLAG 

DSP (MCA) 



260' 
215 



1 1 
1 1 

98 !! 
HI 

l 







20/. 


^L+G 




M L 


20/ 
















r 


-206 


,-211 


/-216 \ 














M G 






<*G 

























I 




FIG.13 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non-ideal Signal Sources 
Inventors: William K. Warburton et at. 
Patent App. No. -Unknown--; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 1 1 of 12 



4500 
4000^1 
< 3500 J 
3- 3000- 

3 

o 

I— 2500^1 
2 

°~ 2000 
1500 



FIG. 14 



1.6 0. 6 1.6 
0.8 0.8 



5 TERM RUNNING 
AVERAGE FILTER 
(TIMES IN fxs) 




GAMMA RAY 



'TIITII I | 1 I I I I I I I I" | I 

5 10 
Time (\is) 



s 

I. 



15 



13 
^ 12- 
£ 11 H 
| 10-1 

CM _ 

g 94 

< 

7 A 



0.5 

FIG. 16 




19 kcps 



1.0 1.5 2.0 2.5 
Peaking Time (us) 



3.0 



5. 



3.5 



4500 
4000 A 
< 3500 -j 
3- 3000- 

o 

I- 2500 q 

s 

°" 2000 
1500^1 



I I n l 1- 



FIG. 17 



1 6 0 6 1 6 5 TERM RUNNING 
" AVERAGE FILTER 



(TIMES IN fxs) 
ALPHA * 




PROTON 
GAMMA RAY 



-r— 

5 



Time (us) 



10 



o 

3t 



15 



Title: Method and Apparatus For Improving Resolution in Spectrometers Processing 
Output Steps From Non- ideal Signal Sources 
Inventors: William K. Warburton et al. 
Patent App. No. -Unknown-; Filed: October 20, 2003 
David N. Slone (650-326-2400) Docket No. 017032-00051 1 Page 12 of 12 




